Ceramics are widely used as kitchen ware. Pottery in contact with food can be a source of various compounds from clay and glazing. The potential migration of toxic lead and cadmium from ceramic is well-known and is evaluated by the specific maximum migration levels (acceptable limits being set by the Food Contact Materials Regulation (EC) 1935/2004). Besides lead and cadmium other elements have been detected in glazed ceramic ware that could migrate during food processing. Migration experiments were performed on 10 commercially available glazed and unglazed stewing potteries (produced in Latvia and China). The migration of iron, aluminium, calcium, magnesium and silicon from the ceramics was carried out in 4% (v/v) acetic acid water solution (24, 48 and 72 h at 20 C; 30, 60 and 90 min at 180 C). The concentrations of elements which had migrated into the test solutions were measured by absorption spectrometry (Fe, Al and Si) and titration (summary Ca and Mg). The migration of iron, aluminium, calcium, magnesium and silicon was observed in all tested ceramics samples. Overall, the migration of studied elements was higher in unglazed stewing potteries and increased with temperature. Migration was decreased in repeatedly used ware.
Introduction
Ceramics stewing potteries are widely used as kitchen ware. As ceramics are made from natural material clay, they contain various elements which have a potential to migrate into food contained within. The potential migration of toxic lead and cadmium from ceramic glazing is well-known. The EU Framework Regulation EC 1935/2004 determines the specific maximum migration levels (SML) into food only for cadmium and lead (Commission Directive 2005/31/EC). The migration of other elements from ceramic could be expected and was detected in many kinds of glazed ceramic ware. Previously the migration experiments of toxic metals from ceramic food packaging materials into acid food simulants were carried out (Dong et The effects of pH, nature of acid and temperature on trace element migration have been described in ceramic ware treated with 18 commercially available glazes. Besides of the well-studied lead and cadmium, the migration of other toxic and non-toxic elements such as aluminium, boron, barium, cobalt, chrome, copper, iron, lithium, magnesium, manganese, nickel, antimony, tin, strontium, titanium, vanadium, zinc and zirconium was investigated in order to evaluate their potential health hazards Demont et al., 2012) . The aim of the study was to investigate the migration of iron, aluminium, calcium, magnesium and silicon into food simulants from ceramic -stewing potteries, available on the Latvian market. Potential consumer exposure can thereby be estimated from the release of these elements into food. Permissible migration limits for these elements have not yet been defined by EU laws. 
Materials and Methods

Determination of content of calcium and magnesium
The calcium and magnesium concentration was determined using titration with a standardized solution of ethylenediaminetetra acetic acid (EDTA) disodium salt (Pastare et al., 2007) .
Statistical analysis
All presented data are the averages of triplicate measurements. The results are presented as the mean ± standard deviation (SD). Data analysis was performed using in-built analysis of Microsoft Excel 2010.
Results and Discussion
Main components of clay used to make potteries are Na2O·K2O·MgO·FeO·CaO·Al2O3·SiO2 and their migration into food is expected. The migration of different elements has been detected in various kinds of glazed ceramic ware. Meanwhile, very scarce information is available on migration of iron, aluminium, calcium, magnesium and silicon from clay ceramics. Current study was designed to study migration of elements present in clay like iron, aluminium, silicon, calcium and magnesium from glazed and unglazed stewing potteries into the acid food stimulant (4% (v / v) acetic acid water solution) at temperatures 20±2 and 180±5 C. Figure 1 shows the migration of iron at 20±2 C. Iron was identified in all samples tested and the amount of iron increased over time. The highest migration of iron was observed for sample No. 3. Such a difference could indicate lower quality of glazing used for sample No. 3. Increase in temperature to 180±5 C markedly facilitated migration of iron in all the samples (Figure 2 ) as migration just after 60 minutes was higher than migration at 20±2 C for 24-72 h (Figure 1) . Overall, similar migration tendency was observed at both temperatures tested and the highest migration at both temperatures was observed for sample No. 3, followed by samples No. 9 and No. 1. Migration of iron from glazed new pottery and repeatedly used pottery was compared and migration was markedly decreased after repeated use of cooking ware (Figure 3 ). Apparent explanation is that more readily soluble compounds are washed out over two cycles of use, and the remaining clay components are more stable against acidic food simulant. Figure 4 shows the migration of iron at 20±2 C from unglazed ceramic. Sample No. 5 had significantly lower migration of iron compared to other samples tested. In general, migration rate of iron from unglazed potteries was higher than that from glazed ware indicating that glazing could offer more protection against migration of clay components into food. Similar to migration observations with glazed ceramic, migration of iron at 180±5 C from unglazed clay was markedly facilitated in all the samples ( Figure 5 ) as migration just after 60 minutes was higher than migration at 20±2 C for 24-72 h ( Figure 4) . Figure 6 shows the migration of aluminium at 20±2 C. Migration of aluminium was similar in all glazed ceramic samples and increased over time. In unglazed ceramic migration of aluminium was slightly higher than in glazed ceramic, but in general, this difference was not as marked as in case of migration of iron. Increase in temperature to 180±5 C markedly facilitated migration of aluminium in all the samples ( Figure 7 ) and overall tendency was similar to migration at 20±2 C. 1 of aluminium found in food simulant in this study (sample No. 8, after 90 min at 180±5 C), it would be advisable to find means to limit migration of aluminium from clay potteries or limit the use of clay ceramics, particularly, unglazed ware at high temperatures. Pre-heating clay potteries filled with acidified water 1-2 times before actual use could be a relatively easy option to decrease aluminium migration in food. 
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Migration of silicon from glazed and unglazed ceramic
One of main components of clay is SiO2 (Sedmanis et al., 2002) and it also can migrate. Although silicon was identified in all samples, the variations in migration among different potteries were very high. The content of clay varies a lot and this could explain high variability in migration of silicon (Figure 8 ). Figure 9 shows migration of calcium and magnesium (sum after 90 min at 180±5 C). The migration rate of calcium and magnesium from potteries was highly variable, but in general migration was higher from unglazed ware. Overall, clay potteries are not inert and various elements, particularly iron, aluminium, calcium and magnesium do migrate into acidic food simulants. Migration is markedly accelerated by increasing temperature, while glazing partially delays migration of elements. Of particular interest due to possible health related adverse effects might be migration of aluminium and it could be reasonable to test aluminium migration from clay potteries available on market.
Migration of calcium and magnesium (sum) from glazed and unglazed ceramic
Conclusions
The present study indicates that potteries are not inert ware and can readily interact with food-mimicking acetic acid solution in water, thus, it can be concluded that in a similar manner potteries could interact with real food. Migration rate of studied elements into the food simulant increased with the temperature and initially over time, but was significantly lower in repeatedly used ceramics. The migration rates of iron, aluminium, silicon, magnesium and calcium varied among different ceramics, but in general rates were higher in unglazed ware. Number of sample
